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IMPROVED PERFORMANCE Ci^lBON BLACKS 
This application is a continuation-in-part of U.S. patent 
application serial number 07/574,046 filed August 29, 1990. 



FIELD OF THE INVENTION 

The present invention relates to a class of new and novel 
furnace carbon blacks which are suitable for various 
applications and particularly well suited for use in rubber 
compositions. 

BACKGROUND 

carbon blacks are generally produced in a furnace-type 
reactor by pyrolyzing a hydrocarbon feedstock with hot 
combustion gases to produce combustion products containing 
particulate carbon black. 

Carbon blacks may be utilized as pigments, fillers, 
reinforcing agents and for a variety of other applications. For 
exan^le , carbon blacks are widely utilized as fillers and 
reinforcing pigments in the compounding and preparation of 
rubber compositions. Most importantly, carbon blacks are 
effective in the preparation of rubber vulcanizates intended for 
usage in prepauring tires. 

It is generally desirable in the production of high 
performance tires to utilize carbon blacks which produce tires 
with satisfactory handling and cornering properties, abrasion 
resistance, and traction (wet and dry skid resistance) . It is 
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particularly desirable to produce carbon blacks capable of 
imparting improved properties of these types for use in high 
performance and racing tires . 

Accordingly, one object of the present invention is the 
production of new carbon blacks which impazrt improved handling 
and cornering, increased abrasion resistance and improved 
traction properties to natural rubbers, synthetic rubbers and 
blends of natural and synthetic rubbers incorporating lAe carbon 
■ blacks . . 

Another ob ject of the present invention is hew rubber 
compositions, advantageous for use as high performance and 
racing tires , incorporating the new carbon blacks. 

Other objects of the present invention will b^ 
from the following description and the claims. 

suimii^Y OF Tm 

We have discovered new carbon blacks haVin^^^ a CTAB^ 
(cetyl-trimethyl ammonium bromide absorption value) of greater 
than 155 m^/g (square meters per gram) , an Iodine h (l2No* ) 

of greater than 180 rog/g, a Tint value of greater than 145% a 
N2SA (nitrogeh surface area) of greater IJian 160 m2 

(crushed dibutyl phthalate number) of 90-105 cc/lOOgr, a DBP 
(dibutyl phthalate number) of 115 - 14d cc/lOOg, a /\PBP (/\pBP 
= DBP - CPBP) of 20 - 35 cc/lOOg, a j£\D5Q of less than 40 nm 
(nanometers) , a tood^^^^^ 
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0.67 and an ASTM Aggregate Volume less than 137,000 Cnm)^. 
Preferably, the carbon blacks have a CTAB of 160-210 m^/g, an 
I2N0. of 190-260 mg/g, a Tint Value of 145-170%, a N2SA of 190- 

280 m^/g, a jOsPSO of 25 - 35 rm and an ASTM Aggregate Volume of 

50,000-120,000 (nia) 3, 

We have also discovered a new class of rubber compositions 
containing the carbon blacks. 

The carbon blacks of the present invention may be produced 
in a furnace carbon black reactor having a first (combustion) 
zone, a transition zone, and a reaction zone. A carbon black 
yielding feedstock is Injected in any manner known to the art, 
into a hot combustion gas stream. The resultant mixture of hot 
combustion gases and feedstock passes into the reaction zone, 
optionally^ the mixture of hot combustion gases and feedstocks 
is cooled, without pyrolysis being stopped, by a first quench 
located in the reaction zone. Pyrolysis, of the carbon black 
yielding feedstock, is stopped by quenching the mixture when the 
carbon blacks of the present invention have been formed- 
Preferably pyrolysis is stopped by a quench injecting a 
quenching fluid. When the carbon blacks of the present 
invention are produced utilizing a process that employs a first 
quench for cooling the mixture of combustion, gases and 
feedstock, the first quench is located upstream of the second 
quench that stops pyrolysis. The process for preparing the 

920441SA1 I > 
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novel carbon black of the present invention will be described in 
greater detail bereinafter. 

Ttxe rubbers for which the novel carbon black of this 
invention are effective as reinforcing agents include natural 
and synthetic rxibbers. Generally, amounts of the carbon black 
product ranging from about 10 to about 250 parts by weight can 
be used for each 100 parts by weight of rubber in order to 
impart a significant degree of reinforcement thereto. It is, 
however, preferred to use amounts varying from about 20 to about 
100 paurts by weight of carbon black per 100 parts by weight of 
rubber and especially preferred is the utilization of from about 
40 to about 80 parts of carbon black per 100 parts of rubber . 

Among the rubbers suitable for use with the present 
inventtbh are natural rubber and its derivatives such as 
chlorinated rubber; copolymers of from about 10 to about 70 
percent by weight of styrene and f roia about 90 to about 30 
percent by weight of butadiene such as copolymer bf 19 parts 
styrene and 81 parts butadiene, a copolymer of 30 parts styrene 
and 70 peurts butadiene, a copolymer of 43 parts styrene and 57 
parts butadiene and a copolymer of 50 parts styrene and 50 parts 
butadiene; polymers and copolymers of conjugated dienes such as 
pplybutadiene, polyisoprene , pblychlorpprene, and the like, and 
copolyiaers of such conjugated dienes with an ethyleiiic 
group-containing monomer copolymer izable therewith such as 
styrene, methyl st^yrene, chloro 
2--vinyi-py^idit3bp 



BN3DOCID: <Vyp . . :" 920441 5A1 I > 



Wd 92/04415 



PCT/US91/05442 



5 

5-ethyl-2-vinylpyridine , 2-methyl--5-vinylpyridine , 

alky 1 -substituted acrylates, vinyl ketone, methyl isopropenyl 

ketone, methyl vinyl ether, alphamethylene carboxylic acids and 

tJie esters aM_a^ JJlere^^^^ acrylic acid and 

dialkylacrylic acid amide; also suitable for use herein are 
copolymers of ethylene and other high alpha olefins such as 
propylene, fautene-1 and penetene-1; particularly preferred are 
the ethylene-propylene copolymers wherein the ethylene content 
ranges from 20 to 90 percent by weight and also the 
ethylene-propylene polymers which additionally contain a third 
monomer such as di' lopentadiene, 1,4-hexadiene and methylene 
norbornene. 

An advantage of the carbon blacks of the present invention 
is that the carbon blacks impart improved handling and cornering 
properties, increased abrasion resistance and improved traction 
to compositions containing natural rubbers, synthetic rubbers or 
blends thereof in which the carbon blacks of the present 
invention are incorporated* 

An advantage of the rubber compositions of the present 
invention is that the rubber compositions are particularly well 
suited for use as high performance and racing tires. 

Other advantages of the present invention will become 
apparent from the following more detailed description of the 
invention. 
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BRIEF DESCRIPTION OF TEiE DRAWINGS : 

Figiire 1 is a cross-sectional view of a portion of one type 
of furnace carbon biac]c reactor which may be utilized to produce 
the carbon blacks of th^ 

Figure 2 is a saiaple histogram of the Stokes diameter of 
the aggregates of a carbon black sample versus the relative 
f recpiency of their occurrence in a given sample. 

DETAILED DESCRIPTION OF THE INVENTION 

The carbon blacks of the present Invention are 
charac:terized by having a GTAB of greater than 155 m^/g, 

preferably 160-210 m^/gj an l2Nc>* of greater tJian ISO iag/g, 

ptreferably 190--260 mg/g; a Tint value of greater than 145%, 
preferably 145-170%; a N2SA of greater than 160 m^/g, preferably 

190 to 280 m2/g; a CDBP or ^O-'IOS 

cc/lOOg; a /\PBP (/\PBP = DBP - CDBi>) of 20 - 35 cc/lOOg; a 

/\D50 of less than 40 nm, preferably 25-^35^^ 

65 nm; /XD50/Dmode ratio of 0.55 •-• 0 .67 ; and an^^^ 

Volume l^ss than 137,boo ( raa) 3/ preferably 50, 660-12 

The carboii blacks of the present invention may be produced 
in a modular, also referred to as "staged''*, furnace c?arbon black 
reactor . A section of a typical modular ftirnace carbon black 
reactor which may b<B utilized to produce the carbon black of the 
present inventibh is depicted in Figure 1, Other cletails of a 
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typical modular furnace cart>on black reactor may be found for 
example in the description contained in U.S. Patent No. 
3,922,335, the disclosure of which is herein incorporated by 

jrefigraijeeA _ : _ :i: .... ■ .„ 

Referring to Figure 1, the carbon blacks of the present 
invention may be produced in a furnace carbon black reactor 2, 
having a combustion zone 10, which has a zone of converging 
diameter 11, transition zone 12, and reaction zone 18. The end 
of the reaction zone 18 nearest the transition zone 12 has a 
zone of diverging diameter 17. The diameter of the combustion 
zone 10, up to the point where the zone of converging diameter 
11, begins is shown as D-1; the diameter of zone 12, as D-2; the 
diameter of zone 17 at the narrowest point as D-3 and the 
diameter of zone 18 , as D-4 . The length of the combustion zone 
10, up to the point where the zone of converging diameter, 11, 
begins is shown ks L-l? the length of the zone of converging 
diameter, 11, is shown as L-2; the length of the transition 
zone, 12, is shown as I.-3; and the length of the zone of 
diverging diameter , 17 , is shown as L-4. 

To produce the carbon blacks of the present invention hot 
combustion gases are generated in combustion zone 10, by 
reacting a liquid or gaseous fuel with a suitable oxidant stream 
such as air, oxygen, mixtures of air and oxygen or the like. 
Among the fuels suitable for use in reacting with the oxidant 
stream in combustion zone 10, to generate the hot combustion 
gases are included any of the readily combiistible gas, vapor or 
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liquia streams sucli as natural gas, hydrogen, carbon monoxide, 
methane, acetylene, alcohols, or kerosene. It is generally 
preferred, however, to utilize fuels having a high content of 
carbon-containing components and in particular, hydrocairbons . 
The ratio of air to natural gas utilized to produce the carbon 
blacks of the present invention may be from about 10:1 to about 
20;1. To facilitate the generation of hot combustion gases, the 
oxidant stream may be preheated* 

The hot combustion gas stream flows downstream from zones 
IQ and 11 into zones 12, 17 arid then 18. The direction of the 
flow of hot combustion gases is shown in the figure by the 
arrow. Carbon black-yielding feedstock 30, is introduced at 
point 32 (located in zone 12) . Suitable for tise herein as 
carbon black-yielding hydrocarbon feedstocks, which are readily 
volatilizable under the conditions of the reaction, are 
imsaturiated hydrocarbons such as acetylene ; olefins such as 
ethylene , propylene , butylene ; aromatics such as benzene , 
toluene and xylene; certain saturated hydrocarbons; and 
volatilized hydrocarbons such as kerosenes > naphthalenes ; 
terp^nes , ethylene tars , aromatic cycle stocks and the like . 

The distance from the end of the zone of converging 
aiameter 11, to point 32, is shown as F-1. In each o^f^^ 
examples described herein carbon black'-y ielding feedstock 30 , 
was in jected radially in the form of a plurality of jets which 
penetrate into the inteirior regions of the hot ccmbustion gas 
stjream to rate of mixing and shearing of the hot 
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combustion gases and the carbon black-yielding feedstock so as 
to rapidly and completely decompose and convert tbe feedstock to 
the novel caroon black of the present invention. 
^Qie mixture^.^^ 

combustion gases flows doxmstream through zones 12 and 17 into 
zone 18. optionally, a first quench 41, located at point 43 and 
injecting a quenching fluid 51, may be utilized to cool the 
mixture of carbon black-yielding feedstock and hot combustion 
gases without stopping pyrolysis. Qi is the distance from the 
beginning of zone 17 to quench point 43, and will vary according 
to the position of the quench. This optional first quench 41 was 
utilized in the carbon black production run described in Example 
4 herein. In Example 4, the quenching fluid was water. Queiich 
40, located at point 42, injecting quenching fluid 50, which in 
Examples 1 - 4 was water, is utilized to stop pyrolysis of the 
carbon black-yielding feedstock when the novel carbon blacks of 
the present invention are formed. Point 42 may be determined in 
any manner known to the art, for selecting the position of a 
quench to stop pyrolysis. one method for determining the 
position of the quench to stop pyrolysis is by determining the 
point at which an acceptable toluene extract level for the novel 
carbon blacks of the present invention is achieved. Toluene 
extract level may be measured by using ASTM Test D1618-83 
••carbon Black Extractables - Toluene Discoloration" . Q2 is the 

distance from the beginning of zone^lT^to quench point 42, and 



OOnAA-iKAt I 



wo 92/04415 



PCr/US91/05442 



10 

will vary according to tihe position of the quench. 

After the mixture of hot combustion gases and carbon 
black-yielding feedstock is quenched , the cooled gases pass 
downstream into any conventional cooling and separating means 
whereby the carbon blacks are recovered. The separation of the 
carbon black from the gas stream is readily accomplished by 
conventional means such as a precipitator, cyclone separator or 
bag filter. This separation may be followed by peiletizing 
using, for example, a wet pelletizer. 

The following tesiting procedures are used in the 
determination and evaluation of the analytical prop»ert^^^ of the 
carbon blacks of the present invention, and the physical 
properties of the rubber compositions incorporating the carbon 
blacks of the present invention. 

CTAB of the carbon blacks was determined according to ASTM 
Test Procedure D3 765-85 • Iodine adsorption number of the carbon 
blacks (I2N6.) was determin^^^^ Tinting 

strength (Tint) of the carbon blacks was determined according to 
ASTM Test Prpcedure D3265-85a. The Nitrpgen Surface Area (NaSA) 

of the carbon blacks was determined according to the procedure 
set fourth in ASTIf D30 3 7-88 . The CDBP (Crushed Dibutyl 
Phtaialate) of the carbon blSck pellets was determined 
to the procedure set forth in ASTM D 3493-86. The DBP of the 
carbon black pellSts^ w^ accoirrding tb the pirbc^dtire ■ 

set forth in ASiM D241 The ASTM Aggregate volume of the 
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carbon blacks was determined in accordance with ASTM Test 
Procedure D3849 following dry carbon blacks dispersion procedure 

A. . 

„ Dmode^-and JX D5_0 Qf the carbon blacks were d^^^ 

the following manner. A histogram" is made of the Stokes 
diameter of the aggregates of the carbon black sample versus the 
relative frequency of their occurrence in a given sample. As 
shown in Figure 2, a line (B) is drawn from the peak (A) of the 
histogram in a direction parallel to the Y axis to and ending at 
the X-axis at point (C) of the histogram. The midpoint (F) of 
the resultant line (B) is determined arid a line (6) is drawn 
through the midpoint (F) thereof parallel to the X-axis. Line 
(G) intersects the distribution curve of the histogram at two 
points D and E. The absolute value of the difference of the two 
Stokes diameters of the carbon black particles at points D and E 

is the /\ D 50 value. 

The data used to generate the histogram are determined by 
the use of a disk centrifuge such as the one manufactured by 
Joyce Loebl Co. Ltd. of Tyne and Wear, United Kingdom. The 
following procedure is a modification of the procedure described 
in the instruction manual of the Joyce Loebl disk centrifuge 
file reference DCP 4.008 published on February 1, 1985, the 
teachings of which are hereby incorporated by reference, and was 
used in determining the data. 

The procedvire is as follows. 10 mg (milligrams) of a 
carbon black sample are weighedE iii^r weighing vessel, then added 
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to 50 cc of a solution of 10% absolute ethanol and 90% distilled 
water wiiich is xaade 0.05% NONIDET E^-40 surfactant ( NONIDET P-4 0 
is a registered trademark for a Surfactant manufactured and sold 
by Shell Chemical Co.). The resulting suspension is dispersed 
by means of ultrasonic energy for 15 minutes using 3onifier 
Model No. W 3 85 > manufactured and sold by Heat Systems 
Ultrasonics Inc. , Parmingdale, New York- 

Prior to the disk centrifuge nan the following data are 
entered into the computer which records the data from the disk 
centrifuge: 

1. The specific gra carbon blacky taken as 1.86 

^;■■■■g/cc;.^^ ■ ' 

2 . The volume of the solxition of the caaribpn black 
dispersed in a solution of water and etdianpl, which in this 
instance is 0.5 cc; 

3. The volume of spin fluid, which in this instance is 10 
cc of water; 

4. The viscosity of the spin fluids which in this instance 
is taken as 0-933 centipoise at 23 disgrees C; 

5. The density of the spin fluid, which in this instance 
is 0 .9975 g/cc at 23 degrees C; 

6. The dislc speed, which in this instance is 8000 rpm; 

7 - The data^^^s this; instance is 1 

/'■'second.;; ■ ■ : : /^V ' 

The disk centrifuge is operated at 8000 irpm while tjie 
stiTQj^^gSgpe is operating . 10 cq of distilled water are ih^iclti^d 
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into the spinning disk as clxe spin fluid. The turbidity level 
is set to 0; and 1 cc of the solution of 10% absolute ethanol 
and 90% distilled water is injected as a buffer liquid. The cut 
and boost buttons of the disk centrifuge are then operated to 
produce a smooth concentration gradient between the spin fluid 
and the buffer liquid and the gradient is monitored visually. 
When the gradient becomes smooth such that there is no 
distinguishable boundary between the two fluids, 0.5 cc of the 
dispersed carbon black in aqueous ethanol solution is injected 
into the spinning disk and data collection is started 
immediately . If streaming occurs the run is aborted. The disk 
is spun for 20 minutes following the injection of the dispersed 
carbon black in aqueous ethanol solution. Following the 20 
minutes of spinning, the disk is stopped, the temperature of the 
spin fluid is measured, and the average of the temperature of 
the spin fluid measured at the beginning of the run and the 
temperature of the spin fluid measured at the end of the run is 
entered into the computer which records the data from the disk 
centrifuge. The data is analyzed according to the standard 
Stokes equation and is r -^esented using the following 
definitions: 

Carbon black aggregate ^ a discrete, rigid colloidal entity 
that is the smallest dispersible unit; it is composed of 
extensively coalesced particles; 

stokes diameter - the diameter of a sphere which sediments 
in a viscous medium in a centt^#al or gravitational field 
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according to the Stokes equation. A npn^spherical object^ such 
as a carbon black aggregate ^ may also be represented in terms of 
the Stokes diameter if it is considered as behaving as a smooth, 
rigid sphere of the same density, and rate of sedimentation as 
the object. The customary units are expressed in nanometer 
diameters* 

Mode (Dmode for reporting purposes) - The Stokes diameter 
at the pbint of the peak (Point A of Figure 2 herein) of the 
distribution curve for Stokes diameter. 

Median Stokes diameter - (Dst for reporting piirposes) the 
point oh the distribution curve of Stokes diameter where 5Q% by 
weight of the sample is either larger or smaller. It therefore 
represents the median value of the determinatioh. 

The abrasion data of the r^ 
determined using an abrader which is based oh a tiaxabourn type 
machine . Abr as ion rates ( cubic centime ter /centimeter, trave 1 ) 
were measured at 7%, 13% and 21% slip. The slip is based on the 
relative velocity between the sample wheel and grindstone. I^^ 
the following examples, the abrasion index is the ratio of the 
abrasion rate of a control comp^ 

carbon black, a trademarked product of Cabot Corporation, 
Waltham, Massachusetts divided by the abrasion rate of a 
cojuppsitidn produced using a specif ied the 
present invention, at the same slip. 
Th^ 

il^^gagigssdtions were measured by the procedure set toirt^^^S^^TH 
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D412. 



The Shore A Hardness of the rubber compositions was 
determined according to the procedure set forth in ASTM D-2240- 

=8€=— :-— - — :--.:--v.-:.::.-:-^-^:^:— 



Rebotmd data were determined on all rubber samples 
utilizing a ZWICK Rebound Resilience Tester , Model 5109, 
manufactured by Zwick of America, Inc., Post Office Box 997, 
East Windsor, Connecticut 06088. Instructions for determining 
the rebound values accompany the instrument. 

The dynamic mechanical properties of the rubber 
compositions were determined in a manner well known to those of 
ordinary skill in the art, using an Instrom Model 1350 
Servohydraulic system interfacing with a Digital Equipment 
corporation Minc-2 3 computer for data manipulation. The 
specimen tested for each of the rubber compositions consisted of 
a sandwich type test specimen comprising four pieces of each 
rubber composition, each piece having the dimensions 30mm by 
30mm by 6mm thick. The dynamic mechanical properties measured 
were complex modulus (6*) , elastic modulus (G' ) , and loss 
modulus (G«) , with tangent delta (tan delta) being equal to loss 
modulus divided by elastic modulus 

(tan delta = G"/G'). The viscoelastic properties of the carbon 
black reinforced rubber compositions were measured at 70 C, 1 
Hertz, and two strains, 0.5% DSA and 40% DSA. 

The effectiveness and advantages of the present invention 
will be further illustrat^^^^he following examples. 
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EXAMPLES 1-4 

Fotir examples of the novel carbon blacks of l^ie present: 
invention were prepared in a reactor generally described 
herein, and as depicted in Figure l, utilizing the reactpr 
conditions and geometry set forth in Table 2- The fuel utilized 
in the combustion reaction in each of the examples was natural 
gas. The liquid feedstock utilized in each of the examples had 
the properties indicated in Table 1 below: 

Table-..! 
Feedstock Properties 

Examples 1-3 Example 4 

Hydrogen/Carbon Ratio 

Hydrogen ( wt . % ) 

Carbon (wt.%) 

sulfur (wtv%> 

A.P.I. Gravity 15 . 6/15 .6 
; C(60)F [ASTM D-287] 

specif icGirayity 15 .5/15 . 6 
C(6d)F [ASTM D-287] 

Viscosity, SUS (54. 4 "C) 
[ASTM D-88] 

Viscosity, SUS { 98 . 9 ° C ) 
[ASTM D-88 3 

BMCI (Visc-Grav) 

The reactor conditions and gi^omietry are set forth in Table 2 
■ below. 



Q.94 0.94 

7.28 7.24 

92.2 92.2 

- .. 0.5 0.4 

-2.3 . , -1,6 

1.096 1.(389 

102.1 84.3 
V 40 .6 . . . ' 42.1 <; 

140 132 
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TABIiE 2 



D-1, in. 
D-2/ in, 

in. 

in. 
Ii-1/ in- 
1,-2^ in. 
L-S, in. 
L-4, in. 
F-1, in. 
Qlf in. 
Q2/ in. 



oil Inj Pt. 32, ) 
Tips # X Size, in. ) 
Oil Rate 32, gph 
oil Press, 32, psig 
Oil Preheat, 32, F 

Comb. Air, kscfh 
comb. Air Preheat, F 
Natural Gas, kscfh 
Air/Burn Gas Ratio 
K+, gK+/100gal oil 
Press . , psi 

Ql ^2^ ^ ' 
Q2 Press. , psi 

Temp, at Qir F 

Temp, at Q2r F 





CARBON 


BLACKS 




Fv 1 


Ex. 2 


Ex. 3 


Ex. 4 


7.25 


7.25 


7.25 


7.25 


4.5 


4.5 


- : ttA: — " - — — : — z. 


Z74— 5— :-- 


6 


6 


6 


6 


9 


9 


9 


9 


24 


24 


24 


24 


12 


12 


12 


12 


9 


9 


9 


9 


18 


18 


18 


18 


4.5 


4.5 


4.5 


4.5 




* 


* 


18 


30 


108 


54 


144 


6X0. U«&D 


6 X 0.025 6 X O.O20 


6 X 0.020 


128 


142 


115 


109 


556 


670 


754 


680 


362 


355 


324 


300 


lUo 


106 


106 


106 


1040 


1040 


1031 


1000 


8.94 


8.90 


9.72 


9.4 


9.85 


9.85 


9.85 


9.8 


0 


0 


Q 


1.75 


* 






150 


* 


* 


* 


85 


145 


119 


150 


185 




* 


* 


2641 


1350 


1350 


1350 


1350 



jnj, ^ injection; Coinb. = combustion; Press- = pressure 
32 = Point 32 on Figure l; gph = gallons/hour; 
psi=pounds/square inch; in.= inches; ft.= feet; F - degrees 
Fahrenheit; kscfh = standard cubic feet/hour, in 1000 f 
xf rpotassium; gK+/100gal oil = grams KVlOO gallons feedstock 

(oil) ^ 
* = First Quench (Qi) not utilized 
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The carbon blacks produced in Examples 1-4 were then analyzed 
according to the procedures described herein . The analytical 
properties of the blacks produced, after wet pel leti zing and 
drying, and of a reference carbon black are shown in Table 3: 

Table 3 

Carbon Blacks 





Ex.1 


Ex.2 


Ex.3 


Ex. 4 


VULCAN 9 












±22. 


I2N0. (mg/g) 


198 


206 


250 


257 


142 


N2SA (m2/g) 


197 


l97 


255 


269 


V 12(0 


DBF (cc/lOOg) 


127 


133 


123 


123 


114 


CDBP (cc/iqog) 


102 


100 


, . 99 


94 


94 


/\DBP (oc/lOQg) 


25 


33 


24 


. 29 


19 


Tint (%) 


161 


154 


163 


152 


126 


Agg . Vol . ( nm ) 3 


106,772 


106,129 


82,251 


56,224 


254,005 


DiROde ( nm) 


50 


58 


50 


44 


82 


A D50 (nm) 


30 


34 


32 


. is ' 


■ 58 


^D50/iDBiodie 


O.60 


0.59 


0.64 


0.64 


0.71 



VULCAN 9 = VULCAN 9 Carbon Black, VULCAN is a registered 
ttrademark for carbon blacks manufactured and sold by Cabot 
Corporation, Waltham/ Massachusetts . 

EXAMPLE 5 . - . ••^^V'- / 

This Example Illustrates the use of the novel carbon blacks 
of the present invention in rubber compositions in comparison 
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with a rubber composition containing VULCAN 9 carbon black. 
Rubber composition A was made with the carbon black of the 
present invention produced in Example 1. Rubber composition B 

in Example 2. Rubber composition C was made with the carbon 
black of the present invention produced in Example 3 - Rubber 
composition D was made with the carbon black of the present 
invention produced in Example 4. Rubber composition E was made 
with VULCAN 9 carbon black. Rubber compositions A, B, C, D and 
E were prepared incorporating each of the carbon black samples 
according to the rubber formulation shown below in Table 4. 

Table 4 

SYNTHETIC RUBBER FORMULATION 

^N^DIENT Pa^t weight 



89.38 
35.00 



SBR 1712 
CIS-1,4 BR 
Carbon Black 

Oil (Sundex 790) 10.62 

Zinc oxide ^*^n 
Sunproof Improved Stabilizer 2. so 

WingstaylOO o"°n 
stearic Acid . o 

N-cyclohexyl-2-benzothiazolesulf enamide 1 . oO 

2-mercaptobenzothiazole 

sulfur 1.75 

SBR 1712 = an oil extended styrene-butadiene copolymer having a 

content of 23.5% styrene and 76.5% butadxene. 
CIS 1,4 Kl = a polybutadiene rubber 
sundex 790 = ASTM D2226, Type 101 oil • 
sunproof improved Stabilizer = a stabilizer 
Wingstay 100 = mixed diaryl p-phenylenedxamine 

The static properties, of these rubber compositions were 
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then evaluated according to the ASTM procedures described 





resuxus were 


as shown 


in Table 


5: " 












Rubber 


Modulus 






Shore A 


Composition 


300% El 


Tensile 


Elb* 


Hardness 




(psi) 


(psi) 


(%) 




A 


1263 


3090 


570 


64 


B 


1106 


3168 


626 


55 


c 


1087 


3332 


662 


59 


D 


1091 


3109 


595 


^6 


E . / 


1063 


2994 


627 


59 



*Elj3 = elongation at br^ak; psi = potmds/square inch 
These result^ show that the static properties of the rubber 
compositions A, B/ C and D, produced with the carbon blacks 
of the present invention^ are comparable to those of rubber 
coinposition E produced with the reference carbon black • 

mie abrasion index of each rubber composition was also 
determined as described herein. The results were as shown 
in Table \6:. 

/•Table 6 ; 

I^^^e^ 7% Slip 13% Slip 21% Slip 

Cotriposition 



A ■■; 


118.5 


112.1 


112.8 




127.8 


118.8 


108.1 




122.0 


106.6 


104.6 




122. 0' 


106.3 


88.7 




.. :-ioo 


100 


100 



; The abrasion index data show that rubber compositions A, 
C and D, containing the carbon blacks of t&#-SS^nt 
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invention, exhibit improved abrasion resistance as 
compared with rubber composition E incorporating the 
control carbon black, with the exception of composition D 

at the "T^r which we have no expl anation. 

The dynamic mechanical properties of the rubber 
compositions were also evaluated at 1 Hertz, 70 C, as 
described herein and the results were as shown in Table 7: 

Table 7 

DYNAMIC MECHANICAL PROPERTIES AT 70 C, 1 HZ 

G*(MPa) G*(MPa) Tan Del Tan Del /\G*(MPa) 

0.5% DSA 40% DSA 40% DSA MAX 



A 


6.35 


1.70 


0 .190 


0.221 


4.65 


B 


6.02 


1.67 


0.185 


0.231 


4.35 


C 


5.64 


1.24 


0. 223 


0 . 271 


4.40 


D 


7.48 


0.iB4 


0.198 


0.242 


6.64 


E 


4.21 


1.29 


0.151 


0.202 


2.92 




= G*(0.5% DSA) 


- G*(40% DSA) 









G*, the dynamic complex modulus, represents the cornering and 
handling stiffness of a rubber tire tread composition. High 
cornering and handling stiffness is important for high 
performance and racing tire treads. 

The above results show that the G* values for the rubber 
compositions A, B, c and D, containing the carbon blacks of the 
present invention, are higher than that of the rubber 
composition E, con€kiiMg the control carbon black, at various 



wo 92/04415 PCr/US91/05442 

22'. ■ ■.; 

strain levels. Therefore the rubber coiapos it ions A, B, C and D 
generally demonstrate improved cornering and handling stiffness 
as compared to rubber composition E. 

High traction is another very important parameter for high 
performance and racing tires* High hysteresis is nece^ssary for 
imparting high traction. As shown in Table 7 , the tan delta 
values of compounds A, C and D are significantly higher than 
the tan delta value of compotmd E* In addition^ compounds A, B, 
C and D show significantly higher /\G* than that of compotind £• 
High /\G* value is beneficial for high traction • All these 
resiults indicate that the carbon blacks of the present invention 
impart significant improvement in traction to th rubber 
compositions in which they are incorporated, in compqirispn with 
conventional carbon blacldss. 

It should be clearly understood that the forms of the 
present invention herein described are illustrative only and are 
not intended to limit the scope of the inyention. 
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CLAIMS 

We Claim 

1. A carbon black having a CTAB of greater than 155 m2/g; an 

" "laNo. of greater than ISO ifig/gT a IJISA or greatiM^^ffiarfTjeo tb^/^; 

a Tint value of greater than 145%; a CDBP of 90-105 cc/lOOg; a 
DBP of 115 - 140 CC/lOOg; a /\DBP (/\DBP = DBP - CDBP) of 20 - 
35 cc/lOOg; a /\D50 of less than 40 nm; a Dmode of 40 - 65 nm; 
,AP50/Dmode ratio of 0.55 - 0,67; and an ASTM Aggregate Volume 

less than 137,000 (nm)^. 

2. The carbon black of claim 1 wherein the CTAB is 160-210 
m2/g/ I2N0. is 190-260 mg/g, the N2SA is 190-280 m2/g, the 

Tint value is 145-170%, the /\D50 is 25-35 nm and the ASTM 
Aggregate Volume is 50,000-120,000 (nm) 3. 

3. The carbon black of claim 1 wherein the Tint value is 
greater than 150%; the CDBP is 95-105 cc/lOOgr the Dmode is 45 - 
65 nm; and the /\D50/Dmode ratio is 0.57 - 0.65. 

4. The carbon black of claim 3 wherein the CTAB is 160-200 
in2/g/ the I2N0. is 190-260 mg/g, the Tint value is 150-170%, the 
/\D 50 is 25-35 nm and the ASTM Aggregate Volume is 70,000- 
120,000 (nm)3. 
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5. The carbon black of claim l wherein the CTAB is 182 rn^/g, 
the I2N0. is 198 mg/g, the Tint value is 161%, the ^D50 is 30 

nm aiiti the ASTtt Aggregate Volume is 106 ,772 (hm) 3 . 

6. The carbon black of claim 1 wherein the CTAB is 162 mVg/ 
the I2N0. is 206 mg/g, the Tint value is 154%. the /\D5Q is 34 

nm and the ASTM Aggregate Volume is 106,129 (nm)^. 

7. The carbon black of claim 1 wherein the CTAB is 196 m2/g/ 
the I2N0V is 250 mg/g, the Tint value is 163%, the /\D 50 is 32 

iim and the ASTH^^ (nm)3. 

8. jChe carbo^^ 1 wherein the CTAB is 205 m^/g* 
the I2NQ . is 257 mg/g , the Tint value is 152% , the /XD50 is 28 

nm and the ASTM Aggregate ^^^^^^^ i3 56,224 (nm)-^. 

9 . A rubber composition comprising about 100 parts, by weight , 
of a ih^^ber and about 10 to about 250 parts , by weight , of 

a dafbon black having a CTAB of gxeater than 155 m^/g ; an i2iWo . 

of greater than ISO mg/g ; si N2SA of greater than 160 m^/g; a 
Tint value of greater than 145%; a CDBP of 90-105 cc/lOOg; a DBP 
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Of 115 - 140 CC/lOOg; a ^DBP (/\DBP = DBP - CDBP) Of 20 - 35 
cc/lOOg; a /\D 50 of less than 40 nm; a Dmode of 40 - 65 nm; 
/\D50/Dinode ratio of 0.55 - 0.67; and an ASTM Aggregate Volume 

.legs--'4^taB^3^^-Oao~4™a^'-"'"---"---— ~ — ■ - - — — --' - - - - 

10. The rubber composition of claim 9 vrtierein the CTAB of the 
carbon black is 160-210 in2/g, the I2N0. of the carbon black is 

190-260 mS/gf the Tint value of the carbon black is 145-170%, 
the /\D 50 of the carbon black is 25-35 nm and the ASTM Aggregate 
Volume of the carbon black is 50,000-120,000 (nm)3. 
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